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INTRODUCTION
Rheumatoid arthritis (RA), a systemic inflammatory disease, has a prevalence of 0.5% worldwide [1] . Among the upper extremity joints, RA has a propensity to target the wrist and the metacarpophalangeal joints (MCPJs) and proximal interphalangeal joints (PIPJs) of the hand. Although 90% of individuals with RA develop hand deformities during the course of their disease, there is a tendency for individuals to under-report their hand problems [2 & ]. RA causes synovitis and joint erosions, leading to capsular distention, ligament laxity, loss of joint motion and muscle imbalance. When combined with external forces on the joints [3, 4] , three hand deformities commonly [5] develop ulnar drift deformity (UDD), swan neck deformity (SND) and boutonniere deformity (BD). These deformities develop early in the disease and their presence is a predictor of disease severity [6] . A study by Johnsson and Eberhardt [6] reported that 59% of patients developed one or more deformities after 10 years, with UDD the most prevalent. Development of these deformities is correlated with a positive rheumatoid factor [6] , active synovitis [6, 7] and disease duration [5] . There is no association with hand dominance and more than one deformity can develop in the same hand [7] .
The deformities have significant functional consequences and impact quality of life. They impair hand strength, dexterity, mobility and ability to use hands efficiently for daily activities [6, 8] . To minimize activity limitations and preserve quality of life, it is important that health professionals have an
PATHOMECHANICS AND FUNCTIONAL CONSEQUENCES OF ULNAR DRIFT DEFORMITY
UDD (see the figure as depicted in [9 & ]) is characterized by ulnar deviation and volar subluxation of the MCPJs with a reported prevalence of 44% after 10 years of disease duration [6] .
It occurs when chronic synovitis of the MCPJ weakens the periarticular structures, creating an imbalance of passive and active forces, leading to joint instability and eventual deformity [10, 11] . Capsular distention and attenuation of the collateral ligaments and volar plate allow the flexor digitorum profundus (FDP) and superficialis (FDS) tendons to bowstring, promoting volar subluxation of the proximal phalanx on the metacarpal. The extensor digitorum communis tendon slips ulnarly if the radial sagittal band is compromised, creating flexion and ulnar deviation forces [3] . Pain associated with persistent synovitis/tenosynovitis causes muscle spasms and contractures, amplifying MCPJ flexion and PIPJ extension. Wrist instability can also contribute to the development of UDD due to ulnar translocation of the carpals and radial rotation of the metacarpals which magnifies the ulnar deviation force across the MCPJs [10] . Instability created by UDD has a profound effect on grip and pinch [8, 10] . Also, the inability to extend at the MCPJs impairs the ability to open the hand to grasp large objects [6] , further compromising hand function.
SPLINTING FOR ULNAR DRIFT DEFORMITY
Hand resting splints and functional MCP splints are commonly used in the conservative management of UDD.
The literature reports resting splints are prescribed to decrease hand and wrist pain [10, 12] ; reduce swelling and inflammation [10] ; reduce or prevent deformity [10] ; and improve hand function [10, 12] . A systematic review of occupational therapy interventions for RA by Steultjens et al. [13] reported indicative findings that splints are effective in reducing pain, but did not distinguish between hand resting and wrist splints. A Cochrane review by Egan et al. [14] found no evidence that wrist or hand splints improve pain, pinch or grip strength but noted patients preferred wearing a splint to no splint.
In 2008, two studies reported conflicting results on the effectiveness of resting splints in RA. A 12-month randomized controlled trial (RCT) (n ¼ 116) by Adams et al. [15] concluded that resting splints provided no significant benefit over a standard occupational therapy program. The splint group reported a significant decrease (P ¼ 0.021) in the occurrence of morning stiffness at the end of the trial. Weaknesses of the study included poor adherence to splint wear -almost 25% never wore the splint and another 20% only wore the splint for less than 5 h/week. Also, the splints positioned the MCPJs in up to 608 flexion which is not recommended in RA [16] , as it may contribute to intrinsic shortening.
An RCT (n ¼ 50) by Silva et al. [17] compared the effectiveness of nighttime hand splinting to no treatment. They reported the splint group had a significant reduction in hand pain (P < 0.001) as well as improvements in grip and pinch strength, upper limb function and functional status. Limitations of this study included the use of a control group with no intervention and a small sample size.
Functional MCP splints have been evaluated in two studies. Rennie [18] conducted a study (without a control group) on the effect of a MCP ulnar deviation orthoses on MCPJ alignment, hand function and pain. The author reported that wearing the splint significantly reduced ulnar drift in the middle (P ¼ 0.0002), ring (P < 0.0001) and little (P < 0.0001) fingers, as assessed by radiography and goniometry. Although three-point pinch strength also improved, there was no significant improvement in grip strength, pain or hand function. A descriptive, pilot study by Formsma and Dijkstra [19] evaluated the
KEY POINTS
Hand deformities develop early in the disease process and have a significant impact on hand function and quality of life.
Individuals with rheumatoid arthritis under-report their hand-related problems and are often reluctant to seek early treatment.
Early recognition and timely intervention are crucial as flexible deformities benefit most from splinting and exercise.
More research is required to guide clinicians on the most effective approach to the management of these hand deformities.
effect of using a MCP blocking splint combined with exercises in patients with RA who presented an intrinsic-plus posture and movement pattern. The study evaluated strength, range of motion (ROM), dexterity and pattern of hand movement. Results showed a significant improvement in dexterity (P ¼ 0.046) and pain (P ¼ 0.043).
At our outpatient rheumatology clinic, resting splints are prescribed to manage night pain due to persistent synovitis/tenosynovitis; however, with better pharmacological disease control, the use of resting splints is decreasing. They are also used occasionally for the end-stage RA hand to reduce the risk of intrinsic and extrinsic flexor contractures. The splint is designed to minimize deforming forces on the periarticular structures and to prevent excessive flexion of the hand and wrist (Fig. 1) . The splint should apply a gentle force on the volar aspect of the proximal phalange to reduce volar subluxation at the MCPJ, if present [20] .
In our practice, functional MCP splints (Fig. 2 ) are recommended for moderate synovitis and/or early-to-moderate soft tissue changes. The splint supports the MCPJs in slight flexion and neutral deviation. Its purposes are to decrease pain [10] ; reduce flexion force during grip [10] ; realign the fingers to improve pinch [10] ; and prevent the intrinsic-plus position. To optimize hand function, the splint should only include the involved joints. This type of splint is contraindicated with significant: PIPJ synovitis, as it increases the force on these joints; also, PIPJ stiffness as hand function will be too restricted [9 & ]. The MCP splint can be challenging to use, as it interferes with composite grip. To increase adherence to splint use, the patient needs to understand the purpose of the splint; be aware of these restrictions; and be motivated to use the splint.
GENERAL HAND EXERCISE CONSIDERATIONS
Clinical practice guidelines advocate the use of exercise therapy to enhance muscle function and physical fitness in RA [21] . Although it is assumed that the hand's response to exercise should be similar to other areas of the body, it remains unclear whether whole body exercise guidelines/recommendations for individuals with RA [22] can be directly applied to the rheumatoid hand.
A systematic review by Wessel [23] showed no strong evidence for the use of exercise in the RA hand and no evidence of its effect on hand deformity. The author concluded that appropriate longterm resisted exercises may prevent muscle atrophy and, in turn, prevent or lessen the severity of hand deformities.
The correlation between loss of joint ROM and its subsequent effect on hand function has been reported [24] . Impairment of hand function is dependent on the fingers involved and the direction of movement loss [25] . Shortening of muscles and periarticular structures can occur as a result of chronic synovitis/tenosynovitis, protective (loosepack) positioning or disuse. It has been demonstrated that loss of finger flexion is more detrimental to hand function than an equivalent loss of extension, especially when it occurs at the MCPJ and PIPJ [25] . It is believed that there is a period between the onset of soft-tissue shortening and the commencement of deformities wherein prevention may be possible [25] . Thus, early problem recognition and appropriate intervention are essential. Exercise prescription requires knowledge of the underlying pathomechanics of the hand deformity -the type and intensity of exercise being dependent on the disease activity, whether the deformity is flexible or fixed and the patient's specific needs. For flexible deformities, the patient should be initially monitored so that movement patterns that accentuate the deformities are avoided. For fixed deformities, where clinicians' ability to intervene is limited, the focus should be on maintaining/ improving active ROM (AROM) of the upper extremities as limitations in these proximal segments can further impair hand function [26] .
EXERCISES FOR FLEXIBLE ULNAR DRIFT DEFORMITY
In our practice, specific hand exercises for flexible UDD include active/active-assisted MCPJ extension to maintain ROM; low-intensity isometrics for radial interossei activation; and radial finger walking, initially in a gravity-eliminated then progressing to a gravity-added position (Fig. 3) [9 ] . Tendon gliding exercises [27] are suggested to prevent tendon adhesions and loss of joint motion by allowing maximum excursion of the extrinsic finger flexors while actively moving the finger joints through their maximal available range. As there are variations in tendon gliding exercises [28] , readers are cautioned on the use of the table-top/intrinsicplus position for patients with intrinsic contractures, as it may encourage PIPJ hyperextension and contribute to the deformity [25] . Patients should be encouraged to use minimal effort while moving through the various positions, as effort alone can affect tendon excursion [27] and accentuate the deformity.
PATHOMECHANICS AND FUNCTIONAL CONSEQUENCES OF SWAN NECK DEFORMITY
SND (see the figure as depicted in [29 & ]) is characterized by distal interphalangeal joint (DIPJ) flexion, PIPJ hyperextension and MCPJ flexion [30, 31] . The prevalence of SND in RA patients is 24% after 10 years of disease duration [6] .
The pathomechanics of SND are complex and any anatomical susceptibility to hyperextension can expedite the deformity process [32] . In RA, SND can originate from primary involvement at the MCPJ, PIPJ or DIPJ [11, 32, 33] . Initial involvement at the MCPJ is considered the most frequent cause in RA [30] .
At the MCPJ, synovitis/flexor tenosynovitis weakens the muscular and periarticular structures that normally provide dynamic stability to the joint. As the proximal phalanx volarly subluxes on the metacarpal bone, contractures of the intrinsic muscles create excessive extensor forces on the extensor mechanism causing PIPJ hyperextension [34] . Attenuation of the transverse retinacular ligaments (TRLs) leads to dorsal migration of the lateral bands contributing to PIPJ hyperextension [32] .
At the PIPJ, synovitis/flexor tenosynovitis compromises the volar plate, FDS tendon and TRLs producing PIPJ hyperextension. DIPJ flexion results from the increased tension on the FDP tendon caused by PIPJ hyperextension [29 & ]. This is the least common cause of SND in adult RA because PIPJ synovitis most frequently results in a BD [30] .
At the DIPJ, chronic synovitis causes disruption of the terminal extensor tendon at the base of the distal phalanx creating a mallet deformity. The FDP tendon is no longer restrained by the extensor mechanism producing DIPJ flexion. Muscle imbalance combined with incompetence of the PIPJ volar plate and TRLs result in PIPJ hyperextension and MCPJ flexion. This is the most common cause of SND in juvenile idiopathic arthritis and psoriatic arthritis [30] .
SND contributes to limitations in hand-related activities of daily living. van der Giesen et al. [35] identified seven hand function-specific problems experienced by RA patients with SND as flexion initiation; pain with PIPJ hyperextension; appearance; activities requiring small grip; activities requiring large grip; application of pressure at fingertips; and comprehensive hand-related tasks. The association between decreased AROM of the finger joints and its impact on hand function has also been reported [24, 25] . In SND, the loss of active PIPJ flexion has a more profound effect on hand function than an equivalent loss of extension, particularly if it affects the ring and little fingers [25] .
SPLINTING FOR SWAN NECK DEFORMITY
Three-point splints are often used in the conservative management of a flexible SND [36] . They aim to reduce pain, improve hand function and prevent or reduce PIPJ hyperextension [24] . The splint prevents tightening of the intrinsics and the lateral bands and prevents stretching of the PIPJ volar plate, the joint capsule and FDS tendon by positioning the PIPJ in 10 0 flexion [29 & ]. Three-point splints are prefabricated from thermoplastic (PTS), custom made from silver (SRS) or custom made from thermoplastic (CTS). The splints are best applied during early stages of the deformity, as less force is required for correction; however, if there is minimal hand impairment, patient compliance may be low [24] .
Several studies have evaluated the effectiveness of three-point splints in RA. van der Giesen et al. [35] reported that both SRS and PTS equally improved dexterity (P ¼ 0.05) and dexterity related pain (P ¼ 0.05) and were equally preferred by patients. Zijlstra et al. [24] also reported an improvement in dexterity (P ¼ 0.026) with an SRS. We frequently prescribe both SRS and PTS to our patients. We seldom use CTS as they are bulky and less preferred by patients [37] . Initially, the splint is worn for 1 h and increased to a full day as tolerated. Frequent evaluation of skin integrity is important as the splints have been reported to cause paraesthesia, pressure on bony edges and rheumatoid nodules [24,38 & ]. These problems are most often seen when there is PIPJ swelling or with severe deformities where more force is required for correction. The splints are not recommended for nighttime use. If significant joint synovitis is present, supporting the PIPJ in 158 flexion is recommended by either a gutter finger splint or a hand resting splint, depending on the number of joints involved [29 & ].
EXERCISES FOR FLEXIBLE SWAN NECK DEFORMITY
At our clinic, therapeutic hand exercises for flexible SND include active DIPJ extension (with PIPJ blocked in extension) to maintain DIPJ ROM and active flexion of the PIPJ (with MCPJ blocked in extension) to maintain PIPJ ROM [29 & ]. As initiation of active PIPJ flexion from a hyperextended position may be difficult [25, 35] , passively placing the PIPJ in slight flexion and then working on active flexion in this small range may be beneficial. As previously described, tendon gliding exercises and intrinsic stretches may be beneficial in the exercise program.
PATHOMECHANICS AND FUNCTIONAL CONSEQUENCES OF BD
BD (see the figure as depicted in reference [39 & ] ) is characterized by PIPJ flexion and DIPJ hyperextension. In a fixed BD, secondary changes may occur such as MCPJ hyperextension in order to achieve grasp. The prevalence of BD in RA patients is 24% after 10 years of disease duration [6] .
BD results when synovitis disrupts the central slip at the level of the PIPJ. In early BD, active PIPJ extension is preserved via the triangular ligament which maintains the lateral bands in their normal position [40] . As the deformity progresses, attenuation of the triangular ligament causes the lateral bands to displace volar to the PIPJ axis of rotation. This increases the tension on the distal phalanx, causing DIPJ hyperextension. The deformity is initially flexible but eventually becomes fixed as a result of secondary contractures of the TRLs, oblique retinacular ligaments, volar plate and accessory collateral ligaments [34, 40] .
Although significant correlations between functional disability and the severity of hand deformities have been reported [5] , patients with BD demonstrate less functional impairment than those with UDD or SND [6, 34, 41] . For this reason, patients with BD often seek treatment for aesthetic rather than functional concerns [41] .
SPLINTING FOR BD
The BD is the most challenging of the three hand deformities to splint. Splints are utilized for early flexible deformities [11] with the aim of reducing the risk of PIPJ flexion contracture by positioning the PIPJ in 08 extension. This reduces stress on the central slip and prevents tightening of the lateral bands and retinacular ligaments [39 & ].
The three-point splint is fabricated as a thermoplastic belly splint or a metal ring splint. The belly splint (Fig. 5) is made with a hollow under the volar aspect of the PIPJ and a dorsal strap across the joint to encourage full extension. There are two metal ring splint styles: anti-boutonniere (Fig. 6 ) or a reverse antiswan neck splint. The antiboutonniere style is preferred because force is distributed over a larger area. Initially the splints are worn for half an hour and increased gradually as tolerated. Most patients will not tolerate wearing these splints all day due to the force on the PIPJ and the limitations in hand function incurred when the joint is held extended [11] . Skin checks must be done frequently. A three-point splint is prescribed for day use and a gutter finger splint may be used at night [11, 39 & ]. The three-point splint is contraindicated for an acutely inflamed and swollen PIPJ [39 & ]. In this case, a gutter splint in conjunction with compression wrap is used [39 & ]. There is very limited evidence on the effectiveness of splinting for BD. Li-Tsang et al. [42] compared a dynamic splint to a static splint for correction of flexion contractures in RA patients and reported that both splints achieved similar extension gains, but the dynamic splint achieved better flexion ROM.
EXERCISES FOR FLEXIBLE BD
Therapeutic hand exercises for flexible BD [39 & ] typically include active/active-assisted PIPJ extension to maintain PIPJ ROM; passive DIPJ flexion (with PIPJ blocked in extension) to stretch the oblique retinacular ligaments; and active DIPJ flexion (with PIPJ blocked in extension) to maintain DIPJ ROM. By blocking the PIPJ in extension, it indirectly stretches the volar and lateral structures 
